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IHTRODUCTIOH 


Tb«  pr«««pvatlon  of  food«  by  fMslng  hft«  b«en  practiced 
for  eenturiea  In  arctic  roclona.    But  It  Is  only  within  recent 
yeara  that  food  preaervatlon  hf  thla  method  haa  ooxno  into  any 
degree  of  prominence  In  the  teiq>er«ite  Bonea.    .^s  recently  aa 
the  early  ttrentiea  there  was  eonalderabl©  prejudice  aeelnat 
froaen  foodB»  and  not  without  due  oauae       there  were  character^ 
latic  flavora  and  aroma  aasoolated  with  the  cold  atorage 
produota  of  that  time  which  were  not  conducive  to  acceptability. 

Ho  doubt  the  development  oi  ^ciimilc&l  refrigeration  haa 
played  an  important  part  in  the  enonaoua  growth  of  the  froaen 
food  induatry  durlnr-  tho  paat  decade,  but  the  application  of 
theae  Mechanical  oevelopnenta  In  the  froaen  food  looker  indua- 
try haa  been  an  iaq^ortant  factor  In  chanelag  the  public  atti- 
tude towards  frozen  foods. 

The  first  atterapta  at  preaervlng  meat  by  fi«ae«ing  wew 
diaoouraglng  beoauae  tho  reaultlnc  quality  of  tho  f roeen 
product  waa  deflclemt  In  quality  and  rather  unsatisfactory. 
Too  often  tlio  freeelng  of  laeat  involved  tho  plaoinc:  of  un- 
wrapped ateaks  and  roaats  in  a  low  tenperature  room  without 
protection  end  leaving  thsm  thw  Indefinitely.    The  reaultlng 
product  waa  dry,  unattractive,  frequently  rancid  and  in  other 
eaaea  had  acquired  additional  off-flavors.    Th©  neceaalty  for 
protection  of  tho  product  waa  aoon  recognlaod  and  mny  typea 
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of  wrapping  and  paekaglng  zmterlala  ««ro  doTalopad  to  tooet  tha 
naads  of  thd  individual  loekor  patron  aa  vail  aa  the  froaan 
fcx>d  industry. 

At  tho  presant  tlmo  thora  is  naad  for  furtlior  Informtion 
ragarding  tha  affioieney  of  thasa  wrapping  imtariala*  Soas 
additional  probl«aa  of  th«  induatry*  rogarding  vhioh  thera 
otlll  8a4»as  to  ba  a  difforanoo  of  opinion*  include  atyle  of 
wrappings  doubla  wrapping  varsua  alnglo  wrappingt  rate  of 
fkwsing  and  typa  of  fr«aaar*    This  study  «aa  undartakan  for 
tha  purpose  of  procia»lng  aooa  additional  infonaation  on  thasa 
quastiona* 

REVTPr.V  OF  TAT-  mrOPT. 

Tha  first  wrapping  laatarial  to  ba  uaad  axtanalvaly  in  tha 

froKon  food  indiietry  was  a  vagotabla  par^nant  paraffin-coatad 
on  both  aldose   This  paper  waa  a  great  ii^provaaent  over  ita 
pradaeassorst  one  of  its  aost  valuable  charaoteristica  being 
its  wet  strength. 

Ordinary  transparent  oallophaziaa  ware  uaad  and  had  the 
additional  advantaca  of  transparaney  for  diaplay  purposes* 
This  paper  proved  inadaqtiate  beoausa  it  waa  not  8x>istura*vapor» 
proof  end  the  sheets  stuck  to  the  product* 

Corapact  cardboards  containing  few  air  spaces  were  extensive- 
ly used  for  padoeing  and  transporting  quick»frozen  fish*  They 
proved  aatlsfactory  because  of  an  asphalt  layer  in  tho  center 


5 

of  th»  board  which  lxiK3rea«#d  tho  molstur«»vapor-proofn»«a« 

alA89in«  papers*  pararflnod  on  both  sidoa  usad 
suoeasafully  aa  a  hoat-aaalad  wapplng.    Thla  laatorlal  had  a 
reXativaX?  high  rosistadioe  to  tha  paaaage  of  nolaturo  ^por» 
but  lost  Ita  st^roncth  whan  wat  and  tma  tharafopo  not  aultabla 
for  uaa  In  dlraot  contact  with  th«  prodiict. 

Molature^rapor- proof  callophone  cano  onto  the  oaz^t 
about  1929  and  was  tha  elosaat  approach  to  a  ooaiplatoly  aola- 
tura*vapor-proof  wrapping  oatarlal  at  that  tliaa.    Thia  papar 
was  transparent  and  had  a  vory  high  roalstanee  to  the  pa9SR<-o 
of  nolaturo  vapor t  did  not  stick  to  tho  froaon  pi-oduct  mid  tha 
material  Itself  waa  water  and  gi*aaao  proof* 

Clarence  BlrdaaTe  (1)  was  one  of  tho  first  to  undartaka 
a  ooneartad  Inveatlgatlon  ci"  oacistlng  froaon  food  wrapping 
Biaterlals.    Ho  reftll8ad»  cnoag  other  faotors*  that  daelocation 
was  one  of  the  chief  cansea  of  poor  quality.    Accordingly  ha 
aet  up  an  exporiiaont  to  oioasnre  the  aolature  loaa  throxjgh  ward* 
oua  packaglni;  oaterlels.    This  waa  done  by  stretching  and  8eal«» 
In^  aftnples  of  the  wapplng  materials  over  dlshea  of  constant 
else  and  contalnlne  loaaaured  qfuantltlca  of  water.    The  Interior 
of  aaeh  dltfh  was  kept  at  a  cc»ista::t  temporature  and  hutaldlty. 
The  results  of  this  atudy  err^.  nr»produead  In  Table  1.  Molature- 
vapor-proofneaa  is  noasiired  in  graiaa  of  water->Tapor  lost  per 
aquara  meter  of  surface  per  84  hours  at  SB^  C# 
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TabXe  X*    KolatlTo  aoistura^-vaporoproojnniesa  of  aeverftX  wrap- 
plx)g  BtftteriaXs* 

1  Hogular  oeXXopban«  1080 

8  Paz^Iiaent  (tnufiod  on»  side)  1550 

3  Glaaslne  (\mir6»ld)  1850 

4  Parohment  (unvaxod)  1130 

5  Whit*  glaaaina  (inu»d  both  sidea)  880 
0  Browi  vaxed  paper  (vaxad  both  sldaa)  100 

7  Olaaalna  (vaxiad  both  aidaa)  70 

8  Kraft  (vaxad  both  aJdos)  48 
8  Olaaalno  (waxad  both  oldos)  48 

10  liita  voxed  papar  (waxad  both  si  das)  17 

11  Kraft  (vaxad  both  sidaa)  12 
IS  Holature-Tapor-piHwr  collophana  S 


Raoognizlng  the  ioportaaoa  of  daaioeaticn  in  roduoing  tba 
quality  of  froaan  laaat*  Birdaaya  (1)  attributaa  dahydratioa  to 
th«  lack  of  afflclent  molaturo-vapor-proof  wrapping  matariala* 

Griswol.l  avid  3lakoolea  (2),  in  studiaa  at  Mieiilgan  Agri* 
cultural  Bxparlment  Station»  on  tho  affact  of  dlfferant  wrap- 
ping matariala  on  tho  kaaplng  (lualitias  of  f raah  froaan  pork 
ahopsf  atatad  that  tba  vrapping  nateriala  thaaaalvaa  had  a 
markad  affact  on  the  aolatura  loaa*    Of  tha  wrapping  nateriala 
uaad  #50  kraft  penal ttad  tha  graataat  aoiature  losst  with  a 
brown  wazad  lAialehida  naxt0  followed  by  lard»  and  a  lard  and 
tallow  mix*    Aa  with  prevloua  inveatlgatora»  Griawold  acd  Blakaa* 
laa  reported  that  tha  aoiature*Tapor-*proof  cellophanes  allowed 
tha  leaat  noiature  to  aacape* 

In  a  atudy  of  tlie  surface  drying  of  frozen  poultryt  Cook 
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<3)  accounted  for  the  faotora  affecting  tha  rata  of  drying* 
Thaae  incltido  tlia  atorago  t«a|>eraturat  rolativa  taunidlty* 
wrransnt    .  tli©  aurrounding  atmotpfaora  and  ttie  rat©  of  mova- 
a»nt  of  aiolaturo  from  tha  Interior  of  tho  package  to  tbo  cool* 
Ing  aorface*   Koiatura  axiats  In  Uia  fz*oaan  product  in  tha 
aoXid  8tata»  tfoarafore  Ita  aovanant  to  tlia  at&rfaca  ia  alov* 
Hofravert  surface  drying  aan  a  till  occur  although  the  actual 
weight  loaa  la  aiaall*    In  chiliad  or  unfroaen  products »  the 
internal  ja^vaoant  of  moiature  is  greater*  and  a  greater  loaa 
of  valght  with  leas  actual  surface  drying;  ia  poasiblo*  surface 
deaiceation  can  be  reduced  only  by  alnimlaiag  the  rate  of  evap« 
oration  frcai  the  surface*    If  this  la  tha  eaae»  two  paths  of 
correction  are  openf  onat  inoraaaing  tha  relative  huaidityt 
and  two»  lowarine  tha  8tonir;«  tajuperature.    Tho  vapor  preasura 
of  water  and  tho  aoioture  capacity  oi'  tho  air  both  deoreaae  aa 
tha  tesKperaturo  is  lowered*   ^refore  tlie  rate  of  drying  can 
be  reduced  by  lo^rarlng  tha  temperature •  incroaaing  the  rela* 
tiwa  hUBidityt  or  by  a  combination  of  tfaaaa* 

Koran  (4)  plaoad  the  eutetie  t«Bparature  of  the  liquids  in 
macle  tissue  in  tdia  region  of  -36^  F*    since  xaost  products 

Q 

start  to  freasa  around  32   F»»  tlum  at  tssaporatiu*ea  between 
theae  extrenw8»  the  oajority  of  tha  water  is  present  as  ice  and 
will  therefore  have  an  equivalent  vapor  preasura  of  ice«  "Ince 
rrosen  products  have  a  vapor  preasura  equivalent  to  iee«  a 
fflolsturo-vapor-proof  wwipplng  material  should  allow  the  air 
aurrouttding  the  product  to  rise  to  100  percent  relative  fauaidity 
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and  tisjM  prevent  freoser  bum.    RolatlT©  humidities  of 
percent  or  hiclier  seem  to  be  naeessary  to  reduee  fpeeter  bum 
to  emll  proportion*  over  a  year's  atorege  porl<kl  at  7°  C. 

In  1935*  a  nethod  for  deteralning  the  raoleturo  vapor 
tr«n«alasion  rato  of  different  -ntoriala  rrm  <leacrlbed  by 
ll!>ea8ler  and  Evere  (6)»    Twenty  cubic  oentiE^jtora  of  viitcr 
were  frosen  in  orystalllting  dishes*    The  wrappins  laaterlal 
bein^;  tested  me  sealed  over  the  dish  with  a  speolaX  aeaXlng 
wax*    The  dishes  mvB  then  placed  in  a  constant  tevperature 
and  humidity  ehaad>er  at  5®  F«  and  60  percent  relative  humid- 
ity«    The  air  In  tdM  diahes  was  allowed  48  hours  to  come  to 
equllibriim  vrlth  the  air  of  the  ohaniber  before  being  weighed 
and  the  weights  recorded.    After  this  weighing  the  dishes 
were     turned  to  the  chamber  for  seven  days  before  the  second 
weights  were  recorded*    The  difference  between  tho  f irat  and 
aeoond  weij^ts,  the  average  less  per  dish  per  day,  the  average 
loss  per  paper  and  the  loss  per  aquarw  laever  were  oblculated* 

Dubois  and  Treasler  (6)  cautioned  against  confusing  imtw^ 
proofrMSB  and  »oistv,ro-»vr^nor-proofneaffl«    A  ntttex*lal  may  be  water- 
proof  but  not  raolstiiro-vapor- proof.    They  observed  furtiior  that 
the  fat  of  neat  wr^ped  in  a  material  wit*  a  low  moisture-vapor 
tranassln^*  n  rate  does  not  be^ij^s;©  rancid  as  quickly  as  that 
paokageU  in  &  material  with  a  high  noiature^vapor  trannisslon 
rate*    They  explain  this  on  the  basis  that  there  exists  a  film 
of  moistuz*o  Dn  t}>©  .rarfaoe  of  tho  meat  which  protects  the  fat 
from  oxidation  1^  the  air*    Ifeat  stored  in  a  ssaterial  with  a 


law  xaolsture  vapor  tranaml«aion  rato  and  a  ralativol?  high  ttmm 
perattiro  such  as  10**  F«  will  llkoly  abaopb  odoM  and  fXavoira* 

liiccoy  (7)  r«port8  a  rating  of  froaon  food  trapping  a»torl- 
als*    Bii  Includtoa  in  his  liat  tha  following  18  factors  to  taka 
into  conaidaration  whan  selecting;  a  first  rate  irrapplnr  raata- 
rlal* 


1. 

toxicity 

3* 

water-proof  and 

£• 

odor 

«. 

eraaaa*proof 

5* 

aoiatura«Tapor  trans* 

atrangth  bofore  fraasing 

adaaion  rata 

10. 

atrongth  after  freasiog 

4* 

haet  aaallng  proportlaa 

11. 

percent  losa  through  wrap* 

5. 

aaae  of  naz4d.n£; 

par  after  1  year  atoraco 
atripplnc  qualitiaa 

5« 

easa  of  application 

12  • 
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appaaranoa 

According  to  KoCoy  (7)#  tho  problem  with  frosan  producta 
la  to  keep  the  aclature  in  the  food*    Thia  Inwolvaa  the  uaa  of 
an  ada(}iate  iaoiature*vapc»>>proof  baxrier  and  proper  application* 
m  {^aneraly  tho  reaxilta  obtained  with  tiie  lanlnatea  in  thla 
atu4y»  were  better  than  thoaa  with  the  haawy  kraft  papara* 
The  iaqportanca  of  good  contact  waa  prowd  along  with  the  fact 
that  aoBsa  laaterlala  require  careful  handlir^s  at  low  tinapera* 
tux*oa  aa  they  tend  to  ahattor  viion  cold* 

Zie(>ler  and  Chriatian  (6)  report  in  a  atudy  on  quality  of 
froaan  pork  that  the  typo  of  wra'^'^inf*:  umterial  waa  vary  la* 
portant  in  maintaining  quality  hi  fi^osen  zoeata  after  alx 
aonUia*  atorage*    Aluainun  foil  proved  auperior  to  otlior  type* 
and  the  waaad  impera  were  definitely  not  adequate  for  atoraga 
parioda  over  aix  montha* 

Winter  (9)  roporta  work  dona  on  the  ooaparmtlva  protection 
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against  dahydratlon  of  varlouB  wapplag  a«torlals«  rlthout 
giving  details  of  the  ©jcnorlfiont  h«  rapcrts  that  the  confeo* 
ti<»]ier*8  stylo  of  wrapping  liivea  bettoi*  prvitoctioa  against  da- 
bydratlon  th»n  the  butcher*    He  also  stated  that  vliero  ordinary 
vaaeed  papers  are  used  the  butoher  wrap  is  preferred  over  the 
oonfeotlonersf  and  aaqplains  this  by  the  additional  layers  of 
paper  ooverlnc  the  product  in  the  use  of  the  butcher  style* 
The  pliability  of  a  wrapping  mtorlal  is  important  because 
the  effectiveness  of  a  vaxed  paper  is  highly  dep^dent  upon 
the  continuity  of  the  max  coatlno*    A  wax  caatlng  that  cracks 
at  low  teoparatures  is  xmsatisfactory  as  it  breaks  any  seal 
the  wax  aight  htive  provided* 

According  to  Saylest  Oortner  ar^d  Vols  (10)*  water  moves 
frm  the  frosen  aaat  to  the  paokage  walls*  either  by  convec- 
tion currents  due  to  a  difference  in  tcraaperatuz^  between  the 
air  and  a  colder  paokage  wall»  or  because  of  an  alternate  rise 
and  fall  of  t0::u>erature*    Durliii.,  a  fall  in  teia^arature  tlja 
water  holding  capacity  of  the  air  is  rediioed  and  lee  deposited 
on  the  coldest  suz*faoe  existing'  at  that  tiiae*    If  tho  col'oat 
surface  liappens  to  be  tJ^ie  paokage  wall*  loo  will  be  deposited 
tliere  end  if  tlie  coldest  sui^faoo  is  the  paokage  contents*  ice 
will  be  deposited  on  the  contents* 

The  transfer  of  radiant  beat  is  instantaneous*  and  there«* 
fore  any  sui^aee  exposed  to  thia  type  of  transfer  changes  its 
teiBperature  before  any  adjacent  siirfaoe  not  so  vsposeA*  The 
air  tempemturo  of  the  Apeeser  rises  because  of  tho  heat  flow 


from  tho  outsido*    A«  a  ro»ult  the  paokago  imllfl  and  the  air 
within  the  paokaga  v&OQive  haat«    Vs^hen  the  air  t«aq;»eratuz*G  *  - 
8ida  the  paoleasa  riaes  it  iriXl  absorb  vatar  fifom  the  food* 
Ultimately  the  cycling  refrigerant  will  atart  to  flow  airaln 
and  brine  down  the  fi^eaer  tenqperature*    The  walla  of  the  pack« 
ae©  facing  the  plate  if  unprotected  by  a  radiant  foil  will 
radiate  heat  to  the  plate  and  their  taraperature  will  drop  be- 
fore any  aioilar  drop  in  tfsaporature  of  other  walla  not  aimi« 
larly  expaaad  to  Vo»  cooling  plate«  but  which  mxBt  be  cooled 
later  by  convection  currents.    ThoreTore  moisture  condenaea  on 
the  package  walls  cooled  first*  bacauae  the  package  wall  in 
turn  cools  the  air  in  the  paokaga  reducing  the  aclatura  holding 
capacity  of  tliat  air» 

m  eunsaary,  3aylo8»  Oortnor  tod  Vole  (10)  auggaat  the 
following  to  alirainata  what  they  tern  cavity  lea  fonaatlont 

1*    eliminate  radiant  heat  transfer  by 

a*  w»pplng  the  food  in  a  radiant  foil 

b*  pravanting  cycling  of  the  plate  tanperaturea 

8*    ellalnate  teBq;)erature  f luetic tlons  in  the  freeaer 

3.    prevent  tmapwmtajn  gpadiants  between  the  fooJ  stuff  a 
and  the  pftckaga  surfaces 

4*   aaintaln  higher  hiMlditlaai  e«g«9  above  95  percent 

lioCoy  (11)  reported  in  1947  on  the  relationship  of  water 

vapor,  vapor  preasure  and  aoistiira-vapojvproofneas  on  the  ijuftl- 

Ity  of  fi^aan  awata*   v?ater  in  tlis  lorrn  of  ice  will  subllaate* 

It  is  this  fact  that  suUcea  »olatyire»vapor-proof  packaging  nac» 

aasary*    Water  vapor  axwta  a  definlto  pressure  which  varlea 
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with  the  ton^oratiaro. 

Koiature  will  flow  from  a  condition  of  hlgja  irapor  pj«e»« 
BMPB  (V*P«)  to  ontt  of  Xov  vapor  presauro*    Th«  following  la 
•n  «3canplet 

WAtar  100°  F»  an. I  50  percent  rolatlv©  humidity     66»50  lb3»  V»P» 
per  8q[uare  Inch  (Inaide  paolsace) 

Witor  10°  F.  and  60  percent  relative  bwaidlty  «  0*71  Iba*  V.?*/gc][.ln> 
(Inside  freesop  room)  63.79  lbs.  V»P./8q.ln« 

If  thia  dlffenmoe  (63»79}  reioalna  between  a  piece  of  oeat 
and  the  atiaoaphere  In  vhloh  It  la  flposen*  Bioi8tijre-»Tapor  will 
bo  tranaf erred  from  the  i»at  to  the  suj^roundlng  ataoapbera* 
Since  tblfi  xaolsturo  cannot      replaced »  It  la  lost  frc^  the  aeat 
and  fraeser  hvam  or  dehydration  roaulta* 

The  following  IHuatratlona  ojrtlain  tho  four  principal 
condltlona  under  which  aolature  is  lo&t  i'rc&a  iroseu  packaged 
meat  or  other  food  products* 

I  unprotected  aaat  Air  0°  F* 

(no  wrapping;)  V#P»  low 


ftat  vapor  preasnre  dlfferontlal  eausea  a  flow  of  laolature 
from  the  mat  to  the  air*    intemal  nolsture  aiowes  to  the  svuv 
face  of  the  neat  and  la  thm  ab8or%«d  br  the  air*    Result!  aMt 
quickly  dehydratea* 
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II   Poor  wrapper        Air  0  P» 
(poorly  wr«pp«tl)    V»P»  low 


Tha  wrapper  althouch  poor  offora  »om#  reslotanoe  to 
pasaage  of  moisture  vapor*  but  doea  not  stop  lt«  Moisture 
migrates  Cipom  the  inside  of  the  awat  to  the  atirfaoe  air  trapped 
between  the  wrapper  and  the  Ktaatf  then  continues  tlirough  the 
wn^jper  and  out  into  the  freetar  air*    Besultt    rate  of  moisture 
loss  retarded* 


III    Good  wrapper        Air  0  P« 
(poorly  applied)     V«P*  low 


r  T  r 


rapped  moat 
V.P.  hlch 

4  i — b- 
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Arrows  represent  the  motmimt  of  the  aoisture  frora  insida 
the  aaat  to  the  air  space  and  surface  of  tho  neat*    nere»  bow* 
ever*  the  wrapper  is  a  sood  moisture  vapor  barrier  r---^  the 
aoisture  does  not  pass  through*  but  condenses  on  th&  wmpper 
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AS  OAvity  Ico.  icoflult)  lo00«0  i^urthor  rotardod*  but  deby* 
dration  oocuzra* 

IV   Good  wpQppor         Air  P» 
(properly  applied)     V»P»  low 


Wiwpped  meat 


60 
V.?. 


drh 


m  this  eaa«  tb»  wrapper  Is  In  close  oontact  with  the 
surface  of  the  aaat*    Ho  air  pockets  exist*    Arrows  depict 
Bdgration  of  raoistm»e-vapor  to  s'orface  of  meat*     rappor  is  a 
good  barrier  and  the  vapor  cannot  pass  l^srough*  consequently 
aolsture  is  retained  In  the  neat*    Reaultt    no  delTydrntlon  of 
the  aeat* 

Moisture  will  flow  from  a  point  of  high  vapor  praesura 
to  a  point  of  lower  vapor  presauro  at  a  rat©  proportional  to 
the  differential  between  Uio  two  (12)«    Tbust  aolsture  will 
flow  more  rapidly  froa  100  pox»oent  to  50  percent  relative  hu- 
mid? ty  than  fron  100  percent  to  80  percent  relative  humidity* 

The  lower  the  teraperature  the  saaller  the  deficit  between 
100  percent  relative  humidity  and  the  aotual  relative  humidityl 
therefore  the  less  moisture  which  imist  paas  off  in  order  to 
make  up  the  deficit*    This  in  turn  results  in  a  loitered  vapor 


IS 


pr©««uro«    Thareforo  th©  Imnr  the  taraperaturo  the  lower  the 
vapor  proasure* 

A  minute  film  of  air  at  100  poroont  R«H«  Durrouiids  any 
place  of  froaan  csoat  that  is  wrappad  in  a  oolaturo-vapor-proof 
mtarlal  at  room  terapojHiture.    TThan  first  in  the  freaaar  tha 
prodvAt  givaa  off  anou^  aK>i8t\;urti  to  raise  this  f ilsa  to  100 
paroant  relative  hmidity*    Tha  fallowing  diaeram  llltietFatea 
tha  above* 

Air  film  o9  F,,  100  percent  R«B«f  V#P»  «■  0«0185  Iba*  /aq«  in* 
Air  (Hooa)  0^  ?»#  80  percent  B*B«>  V«P»«  0*0148  lbs*  /aq*  in* 

At  0^  ?*>  100  percent  H*H«t  the  VtP.  «  0*0185  lbs.  /sq.  in. 
At  O*'  P*t  80  paro«at  R*H*»  the  V*P»  »  0*0148  lbs*  /  aq*  In. 
Vapor  Proasiire  Differential  »  0*0057  Iba*  /  aq*  in. 

Since  «ator»vapor  will  nova  ao  aa  to  aqualiae  tvo  different 
vapor  pressures »  the  film  of  air  will  be  continually  eivini?  up 
ita  aoisturo  and  thuis  roducinc  its  relative  huznidity*  The 
vapor  pressure  of  tha  stored  product  is  eonstant  at  a  eonatmt 
tacqperature*  so  aa  soon  as  tha  air  film  has  its  vapor  pressure 
reduced  sufficient  ooisture  will  leave  tli&  froeen  ae&t  to  raise 
the  relative  humidity  of  the  air  film  to  100  percent*  Thua 
there  is  a  continuous  novemeni    .  i^ter<*vapor  from  the  st-r*nA 
product  to  the  air  film  and  on  to  the  room  air*    The  rate  of 
vapor  8K>veBMnt  is  directly  proportional  to  tha  dagrae  of  differ- 
wiee  of  vapor  pressure  between  the  air  f  ila  ar  ^  the  room  air  (12)  • 


With  fcha  forgoing  facts  as  ft  backgrotaid  tho  effect  of 
fluctuating  toa^mturos   n  dehydration  of  frosan  stored 
piro ducts  laay  now  be  explained*    Supposing  a  freeaer  is  at  -10^ 
F«»  then  for  soae  reason  the  teisgjerature  Is  raised  to  0**  F« 
The  outside  surfaces  of  the  stored  -^•^■^\\(*,t  rr'lX  warm  m'-^  to  the 
roon  tenperaturo.   When  tho  refr"  \         siaits  flowing  againf 
the  room  temperature  is  again  lowered  to  -10**  ?♦   Howevert  the 
teoperature  of  the  product  lags  due  to  its  specific  heat* 
til  the  teiaperature  of  the  product  equals  the  rooa  tes^x*ature 
of  -lO**  F»»  tho  vapor  pressure  of  the  wansed  product  xrlll  be 
higher  than  the  vapor  pressure  of  tho  roon  air*    TUxaot  a  isove*» 
m&nt  of  caoisture  frcas  the  product  to  tho  roo®  air  is  set  up* 
♦This  »ovwB«at  of  Bioisturo  vapor  will  continue  iintll  the  vapor 
pi<es8ure8  are  at  e<{uilibrium« 

In  1944*  Gordon  (U)  reported  on  tho  factors  to  consider 
before  a  rood  protect iv«i  paper  can  be  saanufactvired.    The  mmxmt 
of  lamination  in  thickoesa  applied  is  an  essential  paz't  of  pro* 
ducine  a  good  resistant  paper*    If  one  is  working  with  a  base 
2>aper  r/?  !ch  is  absorbent,  a  substantial  weight  .r>f  thfi  lanlnation 
is  absorbed  before  resistance  startSf  and  if  £u0asured  \niUi  a. 
micrometer  it  will  be  sewn  that  rogardleas  of  the  weicht  of  the 
coating  absorbed,  little  or  no  resistance  results  until  a  def* 
inite  thickxwss  begins  to  register*     This  is  partly  explaiMd 
by  the  fact  that  the  fibere  thecuielves  absorb  the  coating » 
leaving  little  cm  ths  surface,  and  the  coating  tends  to  flow 
rnmy  frc»a  the  high  areas  leaving  thorn  bare* 


Aa  th©  coating  starts  to  cover  tbo  surface  of  tho  fibers 
and  fills  tha  low  areas  to  tho  lovol  of  the  high  areas  t  re* 
•istanoe  to  aoistxire  vapor  traaaaiaaion  starts  to  take  place* 
Ar^  thickness  in  ooatlnc  above  this  point  or  lowsr  rill  show 
sharp  inoroases  in  resistance  -?>^ne7*t?,03, 

Tauber  et  al»  (14)  reported  on  a  rolativoly  rooent  type 
of  wrapping  laaterlalf  the  poJcr^thylend  resins*    Tho  poly- 
etliylene  filas  are  a  polyrasriEatlon  product  resulting  from 
pressure  heating  of  ethylene  gas  in  the  presence  of  a  suitable 
catalyst •    The  resin  fonaod  is  tough  end  waxy  9nd  nelts  at  S21 
to  248®  F»   The  properties  of  low  aolsture-vapor  trsnsaisslont 
high  oxygon  carbon  dioxide  and  sulfur  dioxide  traneadssiont  and 
flexibility  at  low  ten^ratures  nake  it  highly  suitable  as  a 
wrappinii  laatorlal  for  fro  sen  foods* 

In  1946t  Dearlng  (15)  published  an  article  on  tho  future 

of  tho  frosen  food  Industry  and  how  it  depends  upon  proper 

packaging*    The  (|aestion  of  what  was  actually  needed  in  en 

ideal  frosen  food  wrap  was  investigated*    The  factors  arrived 

at  as  beins  necessary  propertloa  of  an  ideal  froaon  food 

wrappine  zaaterlal  were  as  follows  s 

1*    conplete  protection  against  dehydration 

8*    cos^lete  protection  against  baotoria  within  tho  container 

3*    ocaplete  proteoticn  against  discoloration  and  »eaka:iing 
of  th©  laatorial  caused  by  "leakage"  from  tho  product 

4*   ease  of  handling 

6*    ease  of  auue^cing  or  identification 

6*    tensile  streng^  to  withstand  rough  handling 


16 


7»    oodts  siust  b«  vlthiA  i*fmg0  or  oooncmical  applioatlon 

8*    tha  Bfttsrinl  isust  possess  &  o«rtaln  amount  of  eye  apr^oel 

This  study  was  undorta!!         loctaa?©  fiirthor  infonaatlon 
cm  Available  wrapping  zsateriola*    The  study  covers  a  12  laonth 
storage  porlod  using  pork  sausago* 

The  sausage  was  nads  from  a?eguler  pork  shoulders  and  ad- 
ditional triasnings  whioh  were  sorted  so  as  to  obtain  a  ratio 
of  85  percent  fat  and  76  pereent  lear     -  seasoned  with  one 
pound  of  salt*  two  ounoes  of  sa^  and  two  ounees  of  pepper  for 
every  50  pounda  of  zasat*    The  soaaoninc,  was  tiiorou^jiily  mixed 
with  t>.0  trisfflings  and  ground  twioe  throtigh  a  3/8  inch  plate 
ttMn  once  tlirough  a  S/l6  inch  plate*    The  sausage  was  thwi 
packed  on  a  platter  an:l  allowed  to  chill  for  24  hours. 

Fifteen  lots»  each  consisting  of  three  aaiu'iples  vere  plaeed 
under  observation*    Eaoh  sanple  wel^bed  45S  graEui*    All  paok- 
aptes  were  imif^A  every  20  days  and  weight  loss  used  aa  a  »eas« 
ur©  of  t;i<3  pTOtoction  offered  by  the  different  wrapping  nate** 
rials.    Tho  lots  were  arranged  so  as  to  ateasure  the  degree  of 
pjvitftcti'^n  resul*-.^*?--  ^n-r^  nlnrlo  and  double  wrapping  and  between 
tho  conroctioner'3  arid  butcher's  style  of  wrapping*    In  wrap* 
ping,  oar©  was  talcen  to  obtain  laaxiaum  eontaot  between  the  wrap* 
ping  laaterial  and  the  sausage*    Tho  exclusion  of  air  pockets 
and  subsequent  ice  crystal  deposits  within  tho  package  elimi- 
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natdd  th«  dftlisrdratlQg  effeot  M  explftirt^d  hj  McCoy  (12)«  The 
pftokftgea  trero  fro»©n  in  a  blast  fr^ser  at  -10**  P#  After 
fjpMSlng  the?  vere  plaoed  tn  a  steel  looker  and  stored  at  0^  P* 
for  IS  rK>nths«    The  designation  of  theso  lots  Is  presented  In 
Table  2« 

The  seeond  part  of  this  study  vas  designed  to  iseasure  the 
influence  of  different  wrapping  oftterlals  and  method  of 
pln£  upon  the  rate  of  freeslne*   The  sacae  wrapping  Mterlala 
were  used  as  tested  in  the  first  part  with  the  excertlon  of 
ll6-Alr-^srap»    This  part  of  the  study  was  carried  out  in  two 
series*    In  Series  I*  four  pound  packages  or  pork  aauaage  were 
used*    The  sausage  was  sSnillar  to  that  described  in  the  first 
part  of  the  study*    six  different  wra'^'^lng  materials  were  used 
in  Series  I  aiid  eight  in  series  II*    i«Kasperature  observations 
were  aaide  by  xaeans  of  a  potentlonster  oonneeted  to  10  thercQO« 
cour^lea*    The  temdnal  of  the  thenao^ouple  was  inserted  into 
the  contor  of  the  saaple  in  order  to  give  the  Internal  temper- 
ature  of  the  sausage*    EDurly  readings  were  B»de  over  a  period 
of  12  hours*    In  this  study,  a  lot  consisted  of  two  sas:plea 
fftiloh  were  froeen  almltaneously*    The  distribution  of  the  lots 
of  Series  1  is  presented  In  Table  5  and  of  Series  II  In  Table  4* 


Tftblo  S*    Designation  of  lots  isaed  in  Eiperia«nt  I* 


^ppine  nmtoplal    :  doublo  wrap  i dorifoc t lonor » s s SMcher'a 


titnrrappod 

Lot  I 

Ko-Air-^^rap 

Single 

Lot 

II 

AXtsainum  Foil 

elncle 

Lot 

III 

AXuninuBi  litunintit* 

single 

Lot 

IV 

Lot 

IVA 

Kraft  Paper 

aLncle 

Lot 

V 

Lot 

VA 

Kraft  Pap or 

double 

Lot 

VI 

Lot 

VIA 

K.  V«  P»  666 

single 

Lot 

VII 

Lot 

VIIA 

Collophana  and 

Stockinette 

single 

Lot 

VIII 

Lot 

VIIIA 

Olaesine  Laalnate 

single 

Lot 

IX 

Lot 

IXA 

tt<p 

o  o 

H  r 

id  e 


ca  0} «  01 09  01  ci « 


02  O)  02  02  03  02  0)  03 


«««««««« 


I 

P. 


g 


o 

*j  +> 
o  o 
o  o 

Hi 

o  o 


1^  &  l!  S;  l!  & 

o  o  o  o  o  o 

^      .r-i  «-4  -H 
4J  4^  4^  4J  4>  4^ 
Q  O  O  U  O  O 
9  O  O  O  O  V 

O  O  ) 

o  o  o 


U  f4 

o  o 

« s 


o  o 


•0  »  ©  <D 
C  C  C  R 

o  o  o  o 

•H  «H  "H  tH 
O  O  O  O 

-'III 

3  O  O 
•3  O  O 


4»  44  43  4>  4A  4J  4->  44 

^  3    5  2  d  «  a 

fi  ^"'l  f*f  f"!  1^  1^ 


4^  4i>  41  4>  4>  4A  43  4> 
f**^  iH  tH      i»n  *^ 


Ill's 

<  £  in  ^  £ 


MM>  MMH 
MMMM>>i>> 


«<HH><MMM 
HMM»-»>>>J> 


OBC'ERVA-  Al^P  :T 

weight  lo«s«8  Tor  all  lots  aro  presan t*d  in  Tabl«  5 
on  a  peroontace  baais*   ITha  figuras  ara  avaragaa  of  thr— 
Mmplaa  lap  to  and  including  tha  savanth  pariod  (196  daya)} 
tharaaftor  thay  ara  tha  avaraga  of  only  two  aaraplaa*    At  ttm 
aaventh  weigh  date  one  aa^la  of  aaoh  lot  waa  <^nad  for  ob« 
aarvation* 

Total  weight  loaa  offers  a  mans  of  Grouping  or  elassi* 
fying  these  wrapping  materials*    Oroup  I  oonaists  of  those 
Materials  which  lost  leas  than  0*6  percent  during  18  aonths* 
storage  period  and  includes  t    Alxxnuinuia  Foilt  Aluminum  Laai* 
nate  and  Cellop}uu;ie  with  a  Stockinette  covering:*    Croup  II 
includaa  the  improved  wax  paper»  Glassine  Laminated  paper  or 
those  which  lost  between  0«6  and  2«5  percent  in  a  12  raonth 
storage  period.    Group  III  includes  wax  papar  and  Kraft  paper 
where  the  loss  was  betwoon  6  p^troe^vt  a^id  10  percent  for  the 
entire  storage  period* 

It  is  considered  that  Group  I  with  a.  loss  of  loss  than 
0»5  !Mireent  in  a  12  nunth  storage  period  o^Xera  adequate  pro- 
taction  for  nomal  storage*    In  tho  ease  of  Group  II  the  weight 
loaa  was  loaa  than  0*5  norcent  tho  first  6  n»ntha  w!iich 

mi^t  be  interxn*eteu  as  aeoxilxit^  L..£it  u^se  papers  offer  ade« 
quate  protection  for  a  short  storage  period  not  to  axoaad  6 
or  an  absolute  mxliaua  of  9  laontha*    *Rie  papers  in  Oroup  ill 
permitted  a  weitiht  loss  in  excess  of  1  percent  after  a  3  month 


atorog*  period*  following  which  th«  ritt«  of  loss  Inoroftsed 
rapidly  indioatine  that  thaae  papers  should  not  b«  used  for  a 
storage  period  exceeding  3  to  4  months  •    Th©  sausage  froaon 
without  wrapping  lost  0»76  percent  during  the  freeaing  period 
and  the  loss  continued  at  a  rapid  rate  during  the  entire 
storage  period.   The  average  weight  loss  of  these  gwups  Is 
presented  In  Fl£«  1» 

When  the  socsplos  were  opeaoed  for  inspection*  which  in« 
eluded  color*  freeaer  hum  or  dehydration*  and  odor  after  0 
faontha*  storariC*  the  obserwationa  indicated  that  the  aateriala 
in  aroup  I*  which  i>ermitted  a  losa  of  less  than  0«5  percent* 
provided  ttifi  Greatest  degree  of  protection  against  freeser 
bum  and  preserved  tho  oriflnal  pink  color  of  the  sausage. 
Th&  aroma  of  the  sausage  waa  sweet  indicating  protection 
against  oxidation*    The  Group  II  laatorlals  pemlttlng  a  weight 
loss  of  0*5  to  2»6  percent  showed  oonslf1'^r*»blo  tv^ter  bum 
and  soM  oxidation  as  indicated  by  aroma  while  Group  III 
aaterials  showed  excessive  freeser  b\u:>n*  coaq^lete  discolora- 
tion of  t  o  sausage  and  a  distinctly  imsweet  aroc»i*    The  sau* 
•ag»  stored  with  no  protection  was  eacoessively  dei;ytirated* 
having  a  dry  wiilte  appearance  tl^roughout*  as  well  as  on  tb» 
surface* 

A  oo^arlson  of  butcher's  and  confectioner's  styles  of 
wrapping  was  aade  with  fotir  difforent  wrapping  isaterials  and 
is  presented  graphically  In  Fig.  2»    This  graph  shows  ualfon** 
ly  smll  differences  indicating  that  under  practical  eondltlons 


angr  dif f»ronoe  in  prot«otlon  resulting  froa  the  aetbod  of 
wrapping  is  too  asmll  to  b«  signifioantf  provided  tho  wrop 
is  proporly  Applied* 

For  ft  tamSbBV  of  years  dur5.ng  the  dewlopastont  of  inproved 
WPftppino  materials t  raany  indlvicluala  advocated  double  trrapplng 
M  a  maans  of  reducing  de^dration*    A  oos^rison  of  single 
and  double  vrapping  was  aade  using  ordinary  Kraft  paper  and  ««x 
paper*    fbe  results  are  presented  in  Pin»  5.    After  a  12  month 
period  there  nas  little  difference  in  ooiature  loss  between  the 
sinf^le  and  double  wrap*    Double  wrapping  offered  little  addi« 
tional  protectlont  in  so  far  aa  nolsturo  Iosq  is  oonoemed* 
Tbm  additional  wrapper  nay  have  provided  neohanioal  proteotiont 
such  as  is  neeessary  with  oellopbane»  but  does  not  appreoiably 
retard  solsture  loss* 

Scnae  enthusiastic  talesisen  have  used  faster  freeelng  aa  a 
•ales  point  for  their  product*    This  claim  does  not  seem  to  be 
borne  out  by  the  data  ao<|iiired  in  this  atuc^*    In  Ino  first 
aeries*  six  wrapplne;  naterlals  were  used  and  applied  In  differ- 
ent HMumers  Inoludlns  confoctionor'a  airi-le  wrapt  confection* 
or»s  double  J  butoher*8  single  wrap  and  butciior*s  double  in*ap* 
The  freesing  ettrves  for  the  ecmparison  are  presented  in  Figs* 
4»  6»  6t  7»  and  8*    Part  of  tliese  were  froaen  in  the  blast 
rv—mw  and  part  in  the  plate  freeaer*    while  the  freetine 
curves  presented  are  not  all  parallel §  the  differences  may  be 
considered  nlnort  and  in  closer  relation  to  the  freesing  t«a»» 
porature  than  to  the  laatorial  used  in  paolea^i&ig* 
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16  li  12  ^ 
ithod  of  frefizing 


on  rate  of  freezing. 


Tbo  orlginftl  temperature  of  the  saiiaage  when  pl&eed  In 
the  freeser  was  36**  F.    In  all  eaaos  it  re<iulrod  two  hours  to 
bring  the  Internal  tes^paturo  of  the  sausage  do«n  to  the 
freealnc  point*    This  was  ter^Atit'!  the  ohilliag  tiiae»    It  re* 
qui2\)d  throo  to  four  iioia»a  bofor©  ci'ystalllaatlon  vaa  c^^;>- 
plated  and  the  teia3>ereture  again  desoended*    This  was  terRie4 
the  freeaing  titae  or  period  of  erystnlll^ation*    Tho  only 
exception  to  this  pattern  was  in  tlio  caae  ox'  kraft  paper 
where  the  period  of  crystalliaation  was  less  well  daflmdit 

T!'u»  seeond  series  was  run  at  a  later  date  and  included 
eight  different  wrapping  tsiaterials*    These  wrapping  materials 
were  run  In  duplioate  in  both  the  blast  freeser  and  plate 
flpeeaer  simltaneously*   All  packages  were  single  wrapped* 
oonfeotioner*a  style*    It  was  unfortunate  that  it  was  inpossibXe 
to  control  the  freeser  teosperatures*  and  thereby  eliminate 
that  variable*    fh9  data  are  presented  graphically  in  Plgn.  '\ 
lOf  11»  12»  13t  14»  15*  and  16*    The  rates  of  freesing  show 
very  little  iwlation  between  the  packages  froawa  at  th^  sem 
time*    Table  6  auBBuarises  tl^ae  curves  giving  the  average 
freeiing  t«0^rature»  and  period  of  tiaie  z>equired  to  brlnr  the 
two  pound  •packages  to  the  fpeeBlrt,^  point  and  th«  length  of  tlrne 
required  to  cwmpieto  tiio  freoaing  process*    As  ;ni,;Jit  bo  er- 
peotedy  the  lomr  the  tenq;>erature  the  shorter  the  period  of 
erystallizatlo'n,    Tho  alicainua  foil  and  Purity  Brand  wrapped 
samples  had  tiiO  shcrtoat  freesing  periods  but  the  freeser 
teBq;>erat\ares  were  at  the  saias  tliae  the  lowest  (•SO^  F*}*  Tlie 
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loogM*  froeelne  tlra©  of  the  polyethylene  rosin  and  krmft 
iir&s>p»<S  Bampla*  any  likmrl8«  be  attributed  to  higher  falser 
teoperatiires* 

stJiBJAinr  OP  concriJsioHs 

The  following  eonoluetona  seeia  justified  from  this  study. 

1»    iiSight  loss  can  bo  used  as  a  convenient  index  of  the 
protective  qualities  of  wrapping  materlals* 

2.    Afflong  the  wwipping  snaterlala  atudledi  Ro«Alr«??rapf 
Alutalnua  Pollt  MvaXjoem  Lsminate,  and  Cellopliane  with  stock- 
inette afforded  a  *f »<«i*«»>  protection  against  dehydration* 

9*    iBBproved  vax  paper  and  glA?in?.na  Isaalnated  paper  pro- 

vlded  adequate  protection  against  dei^dratlon  for  six  to 

o 

nine  months*  storage  at  0  P» 

4*    Ordinary  wax  and  kraft  papers  should  be  used  only 
irtien  thd  better  laaterlals  are  not  available  and  tlien  the 
stora^  period  should  not  exceed  three  months* 

&•    The  aethod  of  olaaslfying  wrapping  materials  suggested 
by  winter  appears  to  be  satisfactory  under  practical  storage 
conditions  covering  a  18  month  period. 

6»    The  confectioner's  style  of  wrapping;  offers  no  ad- 
vantage over  the  butcher  stylo t  insofar  as  dehydration  la 
concerned  if  the  wrapplne  material  is  properly  applied* 

?•    Double  wrapping  offers  little  increased  protection 
troa  dehydration  over  single  wrapping* 


8*    All  fre««lng  oiirvea  are  ohftrt«t«rl8«d  by  a  sharp 
drop  In  Intomal  t«ap«ratijr«  f-c  the  freezing  point  <!«»1*:- 
natad  as  "chilling"*  followad  by  a  "plataau"  ddtignateu  aa 
tha  pariod  of  oryetalllBatlon* 

9*    Tha  ohilllng  period  1«  alaost  constant  for  the  sama 
aisa  paekaee  ragardXaaa  of  wrapping  aatorial,  mathod  of  wrap* 
pln,f*t  or  ibat*w>r  a  ainglo  or  doubla  wrap  waa  usad* 

10.    Tha  pariod  of  cryatalliaatlon  or  fraa»lng  rarlaa 
aoaordins  to  the  fraaalng  tw^ratur©  but  the  wrapping  raatorial 
appears  to  bava  little  or  no  Influanoa  upon  this  par5.od. 


Indobt*dD«fl8  la  aoknovXsdgod  to  Prof*  D«  L»  SSaoklntoab, 
Profossor  In  Cherg*  of  Btoat  Invostigatlono  at  this  station* 
for  plannliic        auporvialng  thio  study |  and  to  Dr.  H.  C. 
Pryart  Dapartaant  of  Slatiiamatlost  for  hla  atatlatloaX 
aaalatanoa* 
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